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SPECIFICATION 



T'TLE pp^Y THERMAL INTERFACE MATERIAL 

CROSS-REFERENCE TO RELATED APPLICATIONS 

10001] This application is a continuation of allowed U.S. Application Serial No. 09/951 501 . 
r epte. Jl 4. 2001. and entitled DRV THERMAL '-ERFACE 7ERIAL^^^^^^^^^^ 
continuation-in-part of U.S. Application Serial No. 09/661 .729. filed Septennber 14. 2000. and 
entitled: "DRY THERMAL GREASE", now U.S. Patent No. 6.475.962. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
(00021 This invention relates to thermal transfer materials and, more pa,«culariy, to a 

interface material, and related methods of producing and applyin, the matenal between 
an electronic component and a heat sink. 

2 Description of the Related Art 
[0003, Electronic assemblies are usually fabricated with a plurality of " J"^* 
Lhed to a substrate, such as a printer drcui. boa,.. In orderforthese assemblies to operate 
p"*; and reilab, for extended periods . time, the heat aenerated by «;-mponen. ™s. 
be efnJen^y and reliably transferred from the oomponentto me boa,.. wh,ch acts as a heat 
sink. 

(0004, such electronic assemblies are opera«ng a. increasing^ higher temperatures as they 
are built smaller and run faster. W«h sm*r electronic components, the dens y can also be 
increased, whid, further increases the need for efficient and reliable removal of heat. 
(00051 The ultimate .heore«cal .hennal ^nsfer occurs where a component and the hea, sinK 
LI in con^nuous contact. ,n re* however, the respective -^-s ° ^ «>.^^^^ ,^ 
and heat sink have irregularities, such as microscopic voids or pores, wh.ch trap a,r. Since a, 
a r-lor Of he^t, these ir™gu«es^o.s must be filed with some thermally conduce 
mlal, to effect more etfiCent them^l transfer. The following materials and techn,dues have 
been used to promote this thermal transfer. 
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[00061 Silicone-based thermal grease served as ar, early Ihermal hterface material for 
electronic assemblies. Such grease is formed by dispersing them^lly conducUve ceramic fillers 
in silicone to form a sticky paste. 

[00071 When the grease is applied between a surface of the electronic component and a 
surface of the heat sink, the grease (ills the voids and eliminates the interstitial air. Any excess 
grease flows out at the edges of the component The use of this grease allows for the thinnest 
possible iolnt as both mating surfaces come into <»ntact at their high points, resulUng In a very 

low thermal resistance. 

[0008] Although such grease has pn=ved to be a very good themiai conductor, problenns are 
associated with its use. It is messy, due to its moist-to-the-touch, sticky state, and it ,s time- 
consuming to apply (e.g., generally the right amount of grease must be applied). Also, te 

grease is applied to a protective sheet liner, to facilitate handling, shipping, etc., »hen the line' 
is removed prior to application of the grease to the electronic component surface, up to 50 /o of 
the grease may remain on the liner, causing waste, increasing costs, and resulUng in a less 
effective them,al interface than desired. In addition, during operation of the electronics, i.^en 
heat is being generated, the them,al grease migrates away fram the area of applicatfon. Also, 
silicon-based greases exhibit the disadvantage of causing silk»ne contamination of a ««ve 
solder bath, if silicone oil migrates onto a printed circuit board, any solder re-wori< on the board 
will not adhere. Such migration may also cause short circuits on the board. 
[00091 Non-siliconethem«l grease was then developed to address many of the above- 
discussed problems associated v«th silic»ne*ased products. Non-siiicone greases are fomned 
by dispersing the themially conductive ceramic fillers in hydrocarbon oils. 
[0010] While the non-siiicone-based greases addressed the migration/contamination 
Characteristics of silicone-based products, they still suffered from being messy, since they st 1 
exhibited moist/sticky characteristics, and they were still diff^ult and time<x>nsuming to apply. 

[00111 in a further effort to pravide an acceptable replacement for them,al grease, relatively 
thicker and drier elastomeric themial pads were developed. Their composition is basically 
silicone rubber-oontamlng heat-conducting particles, such as ^nc oxide, aluminum oxide 
aluminum nitride, and boron nitride. The advantages of using these pads have induded the 
facts that they are less messy (due to being drier), installation is easier and less time- 
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consumlr^, and they eliminate tl,e need to appiy only the correct amount of g,ease with each 

application. 

[00121 AS noted above, however, the ultimate them«i interface is where two parts touch at 
is many points as possib^, and on^ where mi«oscopic voids appear, are they filled Whereas 
tt« above-desolbed grease flows easily into these v»ds, and is easily displaced to a low as 
much di^C contact as possible behveen the component and the heat sinK, these pads do ,,ot 
allow for any direct contact between the surfaces of the component and the heat s,nk. That ,s, 
these Silicone elastomers deform to surface irregularities only when a signtont compressive 
,oad is applied, which may be detrimental «> the electronic component At low pressure, the pad 
simply cannot fill the air voids between the surfaces, causing a relatively very high them,al 
resistance. 

.0013] wax or paraffin-based phase-change materials have also been developed, which 
exhibit grease-like them^l performance and, due to their relative dryness, exhibit easier 
elastomeric pad-like handling and installation. These phase-change materials have been used 
in a stand-alone fom,, have been reinforced with fiberjlass, or have been coated onto fo,l or 
Kapton®. Kapton is a them«lly conductive but electrically lnsulat«e polymide film avaNable 
from the DuPont c».pany. These phase-change materials are soiki at room temperature, bu 
mey behave much like thermal pastes or greases once they .each their phase-change, or melt 
operational temperature, i.e., usually between 40'C and 70' C. 

[0014] Since these phase^hange materials are solid and dry at room temperature, they are 
not messy to apply As «,ey are heated they become liquid and flow into the pores. However, ,n 
a vertical orientation of the electronic component, they will dow out of «ie interface, aga,n 
leaving voids. These materials require pressure sensitive adhesives to adhere to parts dunng 
assembly, whi* adhesives undesirably increase them«l resistance. The operational h,gh 
temperature range for phase-change materials is only 15a>C, however, versus 200 C for 
thermal grease. Further, In a -cold plate" appltealton, l.e., using water and/or themio-electnc 
modules to help cool electronic assemblies, the temperature would not reach the me« 
operational temperature, so the phase-change material would not receive enough hea to melt 
into place (wet the surface), and therefore would no. be useable, whereas grease worics at such 
temperature. Further, each them,al cycle and subsequent phase-change may Introduce new a,r 
voids that may not be refilied. 
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[00151 in light of the above, them^l pads ate easy to use, but exhibit a relatively high thermal 
resistance. And, v*ile phase<hange materials may outperfom, pads in tem^ of thermal 
transfer efndenoy, they still bear limitations In use and perfonnance. Them^al grease o^rs 
superior perfonnance to mese grease repla«ments, including most particulariy the lo«est 
themial resistance, but can be very messy and labor^ntensive during applicaton. 
(00161 /.mough the prior art described above eliminates some of the problems inherent in 
rJennal tranL art, this prior art still does not d^ose or teach the most effiaen. compound 
and related methods of production and use. 

SUMMARY OF THE INVENTION 

[00171 Accordingly, it is a purpose of the present invention to provide a them,al interface 
material that exhibits the posiUve attributes of «>nventtonai them,al greases, but it easter to 

apply. 

10018] I, is another purpose of the present invention to provide a dry them«l interface 
material that allows for total wetting action to fill any voids behveen an electronic component 
and a heat sink, without the need to change the phase of the matenal. 
[00191 It is anomer purpose of the present invention to provide a them^ai interface matenal 
avln a pos«ve coefflden. of them«l expanston and th« proper^es to improve wett.g 
ac«on the^by fadli.a«ng total thennal interface contact be^^en an etec^lc component and 
a heat sink. 

[00201 It IS ye. anomer purpose of the prosent invention to provide a them^al transfer material 
L allov^ immediate heat transfer at any operational temperature, without the need for a 
phas«hange, making the material particulariy appropriate for cold plate applicafons. 

[00211 It IS ^.riher a purpose of the present invention to provide a tham,al 

that Offers the advantages and conveniences of thermal pads and phase-change matenals, but 

has the superior performance of thermal grease. 

[00221 1. is still another purpose of the present InvenUon to provide a themial grease whid, 
fadlitates handling and prevents migration. 

[00231 It IS but another purpose of the present inventton to provide a non-silicone- and 
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nonwaxed-based theimal grease or paste that rray be naturally tacky. 

[00241 It is anotl,er purpose of the present invention to provide a them-al transfer compound 
»l,lch can be molded into sheets, blocks and other fom^, and then cut. to facilitate placemen, 
between an electrical component and a heat sink. 

10025] It is also a purpose of the present invention to provide a drop-in-place themial transfer 
compound that is easy to use and handle in many manufacturing environments. 
[00261 It is also a purpose of the present invention to provide a thermal transfer compound 
which can be applied with minimal pressure. 

[0027] It is still another purpose of the present invention to provide a dry but naturally tacky 
them^al transfer material that does not require any adhesive or other additives which m.ght 
reduce thennal transfer efficiency. 

[0028] It is also a purpose of the present invention to provide a thermal transfer compound 
mat is thixotropic in nature to prevent nin out from be^en an electronic component and a heat 
sink during operation of the component. 

[0029] It is another purpose of the present invention to provide a method for fom»ng a 
relatively dry themial transfer compound, but with some tackiness. 

[00301 it is also a purpose of the present inventton to provide a thennal transfer material that 
exhibits both superior thermal transference and electrical insulative properties. 
[00311 It is another purpose of the present invenUon to provide a method for more effec«vely 
applying a themial transfer material between an electronic component and a heat sink. 

[00321 It is also a purpose of the present InvenUon to provide a method for applying a themial , 
transfer material using only a minimal amount of force to effect total interface contact between 
an electronic component and a heat sink. 

[00331 To achieve the foregoing and other purposes of the present invention there is provkJed 
a themnal transfer material including a compound that has high them«l conducttvity. is relatively 
dry-to-the-touch, Is naturally tacky, and may be formed into various shapes, such as blocks^ 
sheets etc, to facilitate Its application between an electronic component and a heat sink. The 
compound includes a pre*lend made up of a polyol ester, and an antio»dant, as well as a 
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filler(s). a high viscosity oil. and either a polystyrene-based polymer, a solvent, and a surfactant, 
or aluminum silicate. 

[0034] The present invention is also directed to providing a method for producing the 
compound including the steps of mixing polyol ester in an amount of about 99 wt. percent and 
an antioxidant in an amount of about 1 wt. percent to form the pre-blend (which pre-blend 
makes up about 8-1 2 wt. percent of the compound), adding at least one of a zinc oxide filler in 
the amount of about 18-80 wt. percent and a magnesium oxide filler in the amount of about 60 
wt. percent to the pre-blend: and adding a high viscosity oil in the amount of about 2.5-5.5 wt. 
percent. Further, in one embodiment there is added a surfactant in the amount of about 0.2 wt. 
percent, a polystyrene-based polymer in the amount of about 3 wt. percent, and a solvent in the 
amount of about 1 wt. percent. In an altemate embodiment, instead of the polymer, solvent and 
surfactant, there is added aluminum silicate in an amount of about 5.2 wt. percent of the 
compound. 

[0035] This dry-to-the-touch thermal transfer material offers very low thermal resistance at 
lower closure pressure, like conventional thermal grease, but offers the handling ease of the 
conventional grease replacements discussed above, thereby eliminating the need to sacrifice 
thermal perfomiance for convenience. The block, sheet, etc. fomis of the material can be 
die-cut and possess a natural tackiness that allows them to adhere to an electronic component 
or heat sink without using additional adheslves that would degrade themnal performance. The 
material also exhibits a positive coefficient of themial expansion and exhibits thixotropic 
properties which allow it to wet surfaces, further Improving interface contact. And. because heat 
transfer begins immediately and can take place at any temperature, it is excellent for cold plate 
applications. The material is also silicone free to avoid problems of silicone contamination, and 
can be electrically insulating, if desired. 

[0036] The present invention is also directed to a method for providing a thermal interface 
material for electronic component assemblies, including the following steps: providing a heat 
generating electronic component with a first mounting surface; providing a second mounting 
surface on a heat sink upon which the first mounting surface of the heat generating electronic 
component is to be mounted; and disposing the dry thermal transfer material discussed above 
between the first mounting surface and the second mounting surface to effect heat transfer from 
the electronic component to the heat sink. 
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[0037] Further, the material can include a thermally conductive foil backing, or a thermally 
conductive and electrically insulative backing, and be die cut. if desired. Also, removable liners 
can be applied to exposed surfaces of the compound to facilitate handling, shipping and 
storage, but same are removed prior to the material being applied between the electronic 
component and the heat sink. 

[0038] Other features and advantages of the present invention will be apparent from the 
following description taken in conjunction with the accompanying drawings, in which like 
reference characters designate the same or similar parts throughout the figures thereof. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0039] The present invention is a non-silicone, non-wax-based, dry-to-the-touch thermal 
grease or paste compound that is naturally tacky, and can be used as a very efficient thermal 
transfer material, such as between an electronic component and a heat sink. 

[0040] This compound is based on a pre-blend made up of about 98.8% by weight of polyol 
ester, such as HATCOL 2373. and about 1.2% by weight of an antioxidant, such as ETHANOX 
330. To this pre-blend are added at least a filler(s). an oil. a polymer, a surfactant and a 
solvent, or a filler(s), the oil. and aluminum silicate, as described below, depending upon the 
intended use for the composition. 

[0041] According to a first embodiment, exemplary components and weight percentages are 



set forth in the following Table 1: 


TABLE 1 


Components 


Percentage by Weight of Compound 


Pre-Blend 


8.1 to 9.9 


Zinc Oxide 


65.52 to 80.08 


High Viscosity Oil 


4.5 to 5.5 


Polymer 


2.7 to 3.3 


Solvent 


.9 to 1.1 


Surfactant 


.198 to .202 



[0042] The zinc oxide is a powder that serves as the filler material. As fillers, any thermally 
conductive filler known in the art should be suitable, including other metal oxides, silver, 
aluminum nitride and boron nitride. Magnesium oxide would generally not be used as a filler 
with this embodiment because of its relatively large particle size. 
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[00431 The oil is preferably polyisobutene. which is generally known as a viscosity index 
improver. One commercially available oil is called Indopol. 

[0044] This embodiment of the compound is made thixotropic and relatively dry-to-the touch 
by incorporating an appropriate polymer. The polymer is preferably polystyrene-based. The 
thixotropic characteristic provides complete wetting across the interface, and keeps the matenal 
from flowing out of the interface, even in a vertically-oriented application. The dryness 
significantly facilitates handling and use. 

[00451 Exemplary solvents are naphtha, hexane. heptane, and other quick-dissipating 
petroleum distillates. 

[00461 An exemplary surfactant is polyglycolether, sok) commercially as Genapol. The 
surfactant facilitates the fomiation cf the grease compound into a thin film. The surfactant ,s not 
needed, however, in the composition for the second "block- embodiment described below, whrch 
is more dense. 

[0047] This compound perfomis as well as. or better than conventional themial grease, as 
shown in Table 2 below, which compares the typical properties of conventional thermal grease 
with the dry-to-the-touch compound of the present invention: 

TABLE 2 



Typical Properties IStandard Grease 



C onsistency/Penetration 

T. 1 r\f\f\or^ 



Evaporation loss 200°C. %/wt 



Thermal C onductivity. W/m^K 



Thermal Resistance. XinW 



yolume Resistivity, ohm-cm 



320 



0.5 



0.70 



0.05 



1.65x1014 



Invention 
Compound 



190 



0.1 



1.0 



Test Method 



ASTM-D217 



FTM-321 



ASTM D-5470 modified 



0.03 



2.0x101" 



ASTM P-5470 modified 



ASTM D-257 



[0048] The compound according to the present invention is. like phase-change and 
elastomeric pad materials, dry-to-the touch, but does not othen«.ise suffer from the above- 
discussed drawbacks of these materials. On the other hand, the compound according to the 
present invention does not exhibit the messiness of conventional themial grease, but enjoys its 
very low thermal resistance. 

[00491 The compound exhibits a positive coefficient of expansion, resulting in swelling of the 
compound to wet the surface, helping to fill the voids even better than conventional grease. The 
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positive coefficient of expansion occurs on the microscopic level, so there is no physical change 
in the compound. 

[0050] The compound can be applied directly to an electronic component or to a substrate, 
prior to the electronic component being applied to the substrate. 

[00511 This compound can also be combined with. e.g.. a propellant and applied by spraying 
directly onto the electronic component or substrate in the desired thickness, as would be known 
in the art The compound of this first embodiment can also be screen printed directly onto the 
electronic component or substrate. In either case, the compound will become dry-to-the-touch 
within a few seconds of application due to the evaporation of the solvent. 

[0052] Altematively. the compound can be layered on a first protective liner. Then a second 
protective liner can be placed over the still exposed surface of the compound, opposite the first 
protective liner to form a laminate. These liners should be made of a material that has a high 
release value that doesn't disturb the compound film. A preferred material is polypropylene. 
The liners simply function to protect the film until the film is applied. The laminate can be cut to 
size depending upon the size of the base of the electronic component. 

[0053] In order to apply the compound, the first liner is removed from the laminate. The 
surface of the compound that is thereby exposed is then placed against the base surface of the 
electronic component with "rolling finger pressure". Then the second liner is removed from the 
compound which remains adhered to the base of the electronic component. That is. the 
compound will adhere, due to its natural tackiness, to the component or heat sink without 
adhesive or any other "non-thermally conductive" material that would degrade thermal 
performance. The electronic component is then placed on the substrate with pressure of about 
5 PSI or more to achieve total interface contact. 

[0054] As can be seen, application of the thermal transfer compound of the present 
application is possible with only minimal pressure. In this way. there is less likelihood of 
damage to the sensitive electronic components. 

[0055] Altematively. after the first liner is removed, and the compound is adhered to the 
component or heat sink, the second, exposed liner can remain on to protect the matenal. i.e.. 
the components can be pre-coated for easy and protected transportation, storage and later 
assembly. 
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[00561 The material can be cold applied and requires no healing or curing hereafter. The 
material can te removed easily and cleanly, If necessary, without special tools for easy access 

and rework. 

[00571 Alternatively, the compound may be applied as a thin layer on a heat conductive sheet 
backing to produce a thermal transfer material that can be cut to fit a variety of different shapes 
of the electrical components. 

[00581 For example, the compound of the nrst embodiment of the present invention can be 
coated onto an aluminum foil substrate referred to herein as "A" to provide exceptional thermal 
conductivny, or coated onto Kapton® , "K", for both electrical insulation and thermal conductw.^, 
as described in detail belov.. Among the advantages are again its ease of use (as with themial 
pads and phase<hange materials), as well as the superior pe,fom«nce of thermal grease. 

[0059] in the fomier regard, the dry compound Is pre-appiied to both sides of a foil substrate 
A in a thickness varying preferably from 1 mil to 4 mil. For example, a 2 mil foil oould have 1 or 
2 mil of film applied to each opposing surface, as shown in Table 3 below. Of cou>«, a 
«,lnner/thicker substrate, and/or a thinner/thicker layer of the compound can be applied thereto, 
as desired. 

TABLE 3 




[00601 This embodiment is an easy-to-use. non-paraffinic thermal interface film with the 
superior perfomiance of conventional thermal grease. Unlike phase-change materials, this film 
can be used at 25-0 or lower, making the compound well-suited for cold plate applications. 
Further the compound requires only minimal force to achieve total surface wetting, and 
interface contact. As seen, the film exhibits an exceptionally low thermal resistance; as low as 
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about 0.02 (Cin^/W). 

[0061] The foil A with the compound thereon can be cut Into any desired size and shape to 
adapt to the interface surface of the electronic component, and be attached thereto. These cut 
thermal interface materials can also be applied to a roll of sheet-like material for 
shipping/storing, prior to application on the electronic component. 

[0062] Similarly, the compound can be applied to the substrate K. which exhibits not only 
thermal transfer capabilities, but also electric insulative properties, as illustrated in Table 4: 

TABLE 4 



Physical Properties 


Value 


Test Method 


Substrate Type 


Kapton® 




Substrate Thickness, in. 


0.002 




Corppniinri Thickness/(per side) in. 


0.002 




Tnffll Thinkness. in. 


0.006 






xu^..r«^i «. Piontriral Prnnerties 


Thermal Resistance, in^/W 


0.028-0.03 


ASTM D-5470 (moditieo) 


Dielectric Strenqth. V/mil (VAC) 


2000(12000) ASTMD-149 

o -7 AQTMn-IRn 


Dielectric Constant, @ 1 KHz 
Volume Resistivity, ohm-cm 


1.01 X 10"' 


ASTM D-257 



[0063] This thennal Interface material is thus a die-cut polymide. electrically insulating 
substrate K coated on both sides with the dry themial interface compound. This material offers 
high heat transfer and high electrical insulating capabilities, and has a high cut-through 
resistance, as shown in Table 5. which compares the typical properties of the themnal interface 
materials A and K according to the present invention: 



TABLE 5 



Physical Properties 



Substrate 



Aluminum 



Substrate Thickness, in. 



0.002 



Compound Thickness/Side, in. 0-002 



Total Thickness, in- 



Thermal & Electrical Properties 



Thermal Conductivity. W/m°K 



Th ftrmal Resistance. °C in^/W 



Dielectric Strength. V/mil VAC 



Volume Resistivity, ohm-cm 



K 



0-006 



2.5 



0-02 



N/A 



N/A 



Kapton® 



0.002 



0.002 



0.006 



0.77 



0.028-0.03 



2000 (12.000) 



1.01 x10" 



Test Method 



ASTM D-5470 modified 



ASTM D-5470 modified 



ASTM D-149 



ASTM D-257 
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[0064] As can be seen from the following Table 6, the present invention in either the foil 
version A or the Kapton version K exhibits exceptional thermal resistance at relatively low 
pressure, when compared with the conventional interface materials discussed above (using 
ASTM D-5470-modified): 

TABLE 6 



THERMAL RESISTANCE 





A 


K 


Silicone 
Pad 


Kapton 
Reinforced 
Phase Change Pad 


Fiberglass 
Reinforced 
Phase Change Pad 


Aluminum Foil 
Reinforced 
Graphite Pad 


Graphite 
Pad 




10 psi 


0.023 


0.029 


0.094 


0.054 


0.057 


0.03 




30 psi 


0.019 


0.027 


0.068 


0.047 


0.055 


0.02 


0.02 


50 psi 


0.005 


0.026 


0.059 


0.037 


0.054 


0.011 


0.017 


70 DSi 


0.002 


0.024 


0.052 


0.034 


0.05 


0.007 


0.016 



[0065] Further, like the foil embodiment A described above, protective liners can be used, the 
entire thermal interface material combination can be applied between an electronic component 
and the heat sinl< with a pressure of about 5 PSI or more, and sheets of this embodiment K can 
be placed on rolls for shipment and storage, prior to application. 



[0066] Compared to the use of the compound-only applied directly to the component/heat 
sink, as described above, the themial conductivity of the foil A or Kapton K embodiments is 
slightly less, due to the additional use of the foil and Kapton sheets. 

[0067] In addition to the foil or Kapton substrates noted above, other substrates or canriers 
can be used, e.g.. a fiberglass mesh. 

[0068] According to still another embodiment of the compound, blocks, sheets, and other 
shapes can be molded to fill larger gaps between an electronic component and a heat sink, 
much like the conventional elastomeric pads described above. That is, as surface textures of 
an electronic component and a heat sink and/or distances therebetween can be uneven, these 
blocks can be shaped to fit any desired gap or shape between a component and heat sink. 
Preferably the shape would be a flat, smooth, rectangular or circular sheet, etc., as known in the 
art. As with the embodiment described above, this embodiment Is dry-to-the-touch. 

[0069] For this embodiment of the compound, referred to herein as the block embodiment, 
the exemplary components and weight percentages are set forth in the following Table 7. 
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TABLE 7 



Components 



P rcentages by Weight of Compound 



Pre-Blend 



10.08 to 12.32 



Zinc Oxide Powder 



18.09 to 22.11 



Magnesium Oxide Powder 



54.81 to 66.99 



Aluminum Silicate 



4.68 to 5.72 



High Viscosity Oil 



2,25 to 2.75 



[00701 The pre-blend and the oil are as described above. 

[0071] The zinc oxide and the magnesium oxide are powders that serve as filler materials. 
Again, other known fillers can be used, as described above. 

[00721 The aluminum silicate is a claylike material used to thicken the compound relative to 
the above-described embodiment, so that it can be formed into these shapes. Thus, the 
chemistry for the second embodiment is generally similar to that of the first embodiment, except 
that the second is dryer, and more clay like due to the addition of the aluminum silicate. 

[00731 With this block embodiment, the compound can be formed with a thickness generally 
much greater than those associated with the above-described embodiments A and K. For 
example, the blocks could be 80 to 200 mils thick. 

[00741 This block embodiment is highly conformable and naturally tacky, which provides an 
excellent replacement for the less conformable, conventional silicone elastomer gap fillers which 
require significant pressure to achieve 100 percent surface contact. As described above, such 
high pressure could damage the electronic component. The block embodiment of the present 
invention fills the gap and displaces the air with much less pressure being exerted on the 
electronic component. 

[00751 The block embodiment's highly conformable nature allows the pad to fill all voids 
between a heat generating device and heat sink. The non-silicone formula thereof is particularly 
advantageous for optical applications and high compression loads. The material also conducts 
heat away from individual components and into metal covers, frames or spreader plates. This 
embodiment also offers unique advantages in applications such as microprocessors, cache 
chips, heat pipe interposer plates, laptop PCs, high-density handheld portable electronics, 
electronic ballasts and various automotive applications. 

[00761 The typical properties of the block embodiment are set out in the following Table 8: 
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TABLE 8 



Physical Properties 


Value 


Test Method 


Composition 


Non-Silicone 




Color 


Gray 




Density 


2.8 


ASTM D-70 


Thickness, in. (mm) 


0.08 (2mm) & up 




Operating Temperature Range 


.40X to ISC'C 




Thermal Conductivity, W/m^K 


1.68 


ASTM D-5470 (modified) 


Thermal Resistance, °C in^/w/mil 


0.03 




Coefficient of Thermal Expansion 


31.8x10"*^rC 




Dielectric Strength, V/mil 


318 


ASTM D-149 


Volume Resistivity, ohm-cm 


2.15x10'^ 


ASTM D-257 



[0077] Unlike with the foil/Kapton embodiment described above, there is no backing attached 
to the block embodiment. Nevertheless, polypropylene liners can again be used, if desired. 

[0078] The blocks, sheets, etc.. that are formed can be die-cut to exact specifications from 
about 0.08" (2mm) and higher. 

[0079] This block embodiment will conform to any shape and/or size of a component 
enabling complete physical contact so as to minimize the resistance to heat flow and to achieve 
the best thermally conductive path. 

[0080] Unlike phase-change materials, not only does this embodiment require only minimum 
pressure, heat transfer starts at 25X, and total wetting action can again be attained via a 
positive coefficient of thermal expansion, without the need to change phase. 

[0081] In comparison with the relatively thin interface material embodiments A and K 
described above, and the relatively thick blocks or sheets embodiment described above, the 
present invention can, if desired, be formed in thicknesses therebetween. For example, thicker 
substrates or carriers, such as a fiberglass mesh, as well as thicker layers of the compound of 
the present invention can be used. 

[0082] Further, in contrast to the use of an electrically insulative material like Kapton, it may 
be desirable to have not only thermal conductivity but also electrical conductivity. An example 
of such a structure would be a copper foil with a silver layer thereon. 

[0083] Specific suggested applications for the thermal interface material according to the 
above-described embodiments of the present invention include: power modules, IGBTs, DC-DC 
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converter modules, solid state relays, diodes, power MOSFETs, RF components and 
thermoelectric modules; microprocessors, multlchip modules, ASICs and other digital 
components; power amplifiers, large area applications for power supplies and other custom 
enclosure heat dissipating surfaces. 

[0084] As can also be seen from the above description, the present invention exhibits at least 
the following advantages over the prior art: a) retains all of the proven values of conventional 
thermal grease; b) requires only minimum force for total interface contact between an electrical 
component and a heat sink; c) allows for total "wetting action" to fill voids between an electrical 
component and a heat sink without changing phase; d) exhibits a positive coefficient of thermal 
expansion and thixotropic properties to increase the wetting action for even greater interface 
contact; e) allows heat transfer immediately and therefore can be used at any operational 
temperature, unlike conventional phase-change materials, making the material an excellent 
selection for cold plate applications; f) provides essentially a "drop-in place" product that is easy 
to use and handle in any manufacturing environment; g) provides a non-messy, dry-to-the- 
touch, naturally tacky material using no separate adhesive, or other non-conductive material 
(e.g., fiberglass) that may affect thermal resistance; h) microscopically changes to fill voids on 
electronic part surfaces; i) prevents run-out due to its thixotropic nature; j) can exhibit both heat 
transfer properties and high electrical insulating capabilities; and k) will not lose its viscosity and 
become runny after application, under continuous heat or pressure conditions, or if applied to a 
vertical surface. 

[0085] The foregoing is considered illustrative only of the principles of the invention. Further, 
since numerous modifications and changes will readily occur to those skilled in the art, it is not 
desired to limit the invention to the exact construction and operation shown and described. 
Accordingly, all suitable modifications and equivalents may be resorted to that fall within the 
scope of the invention and the appended claims. 
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